I Introduction
The prediction of heat transfer to the leading edge of gas turbine blades is very important to the design process. Typically, the leading edge is a location of high heat transfer. It has been known for some time that relatively snmll increases in fi'eestream turbulence above a nominally laminar flow can cause large incre_es in the heat transfer at a forward stagnation region [1] . Itowever, the mechanism by which such an increase occurs is not well understood.
It and z = A. Symmetry was imposed by using second order accurate one-sided differences.
On the body, no-slip, constant heat flux conditions were enforced, along with a zero normal pressure gradient. At the exit, static pressure was imposed while velocity components and total energy were linearly extrapolated.
The that is, tile vorticity showed very little decay between the first two grid points and then decayed normally.
This problem was greatly reduced by using a linear extrapolation for the Riemann invariant.
To produce a sinusoidal velocity variation at the upstream boundary, the total pressure was specified
where M _ is approximately the peak Mach number at the upstream boundary and A t will be roughly the peak-to-peak velocity difference as a percentage of the inlet velocity. This boundary condition will produce a The total temperature profile was left as stated above for all the runs, since its effect is negligible at the low Mach numbers.
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Decay of vorticity in the freestream
To approximate the rate of decay of vorticity between the upstream boundary and the body, consider the flow of an incompressible fluid in the x -z plane.
Flow is assumed to be in the z-direction only, with a periodic variation in the z-direction. In addition, assume that the pressure gradient in the x-direction is zero and that the initial periodic variation is small compared to the average velocity. Then, let the velocity difference be
where U is the average velocity. The appropriate equation governing the velocity difference, ul, is 
where A0 is an arbitrary constant, but must be small compared to one. The solution to this equation with these boundary conditions is it also decreases the rate of decay so that at some distance downstream, the level of vorticity wilI be greater than that for a case with a smaller A and the same A0. Notice Figure  6a demonstrates that the minimum value for A0 which generates a vortex structure differs by roughly :t=20% of the average for these three wavelengths.
The peak level of vorticity supplied to the leading edge, as predicted by the parallel flow analysis, is evaluated for each case from
_fiL.E.
where (R -xo)/R --9 for all of the present cases. This quantity is then extrapolated quadratically to the point of umi, = O. The predicted level of vorticity to the, leading edge differs by less than 4-5% for the three wavelengths considered in Figure 6b . From this result it seems possible that, for a given wavelength and Reynolds number, the minimum A0 required for a structure to form could be estimated from Heat Transfer Results 
so
where Nu is the Nusselt number, q_ is the wall heat transfer, Tw is the wall temperature, and Tt,0 is the as was shown in Figure 7 . The implication of this observation is that the spanwise-averaged temperature will be lower, but locally the peak temperature will be greater than the two-dimensional value.
To demonstrate the grid dependence of the present calculation, Figures 9 and 10 show the Fr6ssling number at the leading edge as a function of spanwise distance. Figure  9 shows the results for A = OAR and A0 = 0.04 for two grids. The difference between the two grids is that one has geometric stretching in the spanwise direction, which clusters points in the region where the vortex forms, while the other grid has uniform spacing in the spanwise direction. The minimum spanwise spacing in the stretched grid is roughly a factor of 3 smaller than in the grid with uniform spacing in the spanwise direction. Notice that the Fr6ssling number is only slightly affected by the change in grid. Figure 10 shows the results for A = 0.2R and A0 = 0.066. The fine grid, which has twice as many grid points in each direction, falls within five percent of the normal grid calculation. It is expected that at lower values of A0, the agreement would be even better.
As was mentioned previously, the spanwiseaveraged Fr6ssling number was higher than the two dimensional result for every case considered. Figure   11 clearly demonstrates that a small spanwise variation in velocity is capable of causing a large increase 
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